We present an ultra-high resolution MRI dataset of an ex vivo human brain 2 2 specimen. The brain specimen was donated by a 58-year-old woman who 2 3 had no history of neurological disease and died of non-neurological causes.
After remaining in fixative for 35 months, the brain specimen was transferred 1 0 4
to Fomblin Y LVAC 06/6 (perfluoropolyether, Solvay Specialty Polymers USA, 1 0 5 LLC, West Deptford, NJ), which is invisible to MR and reduces magnetic 1 0 6 susceptibility artifacts. The specimen, immersed in Fomblin, was then 1 0 7 secured inside a custom-built, air-tight brain holder made of rugged 1 0 8 urethane 16 . The brain holder contains degassing ports for removal of air 1 0 9 bubbles, which further reduces magnetic susceptibility artifacts. We built a receive coil apparatus consisting of a 31-channel surface coil loop 1 1 4 array with two halves. The apparatus was fabricated using a 3D printer of 1 1 5 6 slightly larger dimensions than the brain holder, which slides inside the single-1 1 6 channel birdcage volume transmit coil (Fig. 2) . The brain holder is an oblate 1 1 7 spheroid (16 × 19 cm) that conforms to the shape of a whole brain (cerebral 1 1 8 hemispheres + cerebellum + brainstem) 16 (Fig. 2d ). It is made of two separate 1 1 9 halves that can be sealed together with a silicone gasket after packing the 1 2 0 brain inside. This holder must also withstand the degassing process when 1 2 1 under vacuum pressure. Degassing is performed in three steps: 1) introducing 1 2 2 vacuum suction into the container with the brain inside, which allows the 1 2 3 bubbles to expand under decreased pressure and exit tissue cavities; 2) 1 2 4 opening the valve to fill the holder with fomblin and then sealing off the fill 1 2 5 valve; and 3) continuation of vacuum suction with low-amplitude vibration of 1 2 6 the holder for 2-6 hours. The vibration facilitates the removal of bubbles from 1 2 7 tissue cavities. All three steps are performed inside a fume hood. The coil former ( Fig. 2c ) consists of two halves and encloses the brain holder. The receive array coil consists of 31 detectors ( Fig. 2a to a previous 30-channel ex vivo brain array 18 . The active detuning circuit was 1 3 8 formed across the match capacitor using an inductor and PIN diode. Tuning, matching, and decoupling of neighboring elements was 1 4 0 optimized on the bench with a brain sample immersed in periodate-lysine- unloaded-to-loaded quality factor ratio (Q-ratio) of Q UL /Q L = 210/20 = 10.5, 1 4 7 corresponding to an equivalent noise resistance of 11 ohms for the loaded coil withstand high voltage and short duration inversion pulses. In summary, this coil system incorporates an improved mechanical 1 5 8 design, preamps mounted at the coil detectors, and an extended transmit coil 1 5 9 design capable of producing high-power pulses. The brain specimen was scanned on a whole-body human 7 Tesla (7T) Germany) with the custom-built coil described above. We utilized a GRE 1 6 5 sequence 19 at 100 µm isotropic spatial resolution with the following acquisition FA acquisition generated 1.98 TB of raw k-space data. To improve the signal-1 6 9
to-noise ratio (SNR) and optimise T 1 modelling, we collected FLASH scans at 1 7 0 four FAs: 15°, 20°, 25°, 30° (Fig. 3) . Accounting for localizers, quality 1 7 1 assurance (QA) scans, and adjustment scans, the total scan time was 100 1 7 2 hours and 8 minutes, and we collected nearly 7.92 TB of raw k-space data. The size of the k-space data exceeded the storage capacity of the RAID reconstruction also required more RAM than what was available. We 1 7 8 therefore implemented software on the scanner to stream the data directly imager RAID size, we also divided each acquisition into segments. The After the scan was completed, the streamed k-space data were 1 8 6 transferred to a computational server where we ran custom software to stitch These signal magnitudes were channel-wise decorrelated using a covariance 1 9 1 matrix of the channels' thermal noise. The output from coil combination was 1 9 2 the final acquired image (Data Citation 1; Videos 1, 2 and 3). The acquired data underwent a series of processing steps, culminating in the 1 9 6 creation of a T 1 parameter map and synthesized FLASH volumes ( Fig. 3 and acquired data, and therefore have better SNR than the individually acquired 2 0 8 input volumes. We choose to release the 25 degree synthetic volume as it 2 0 9 has maximal SNR and the best apparent contrast for cortical and subcortical 2 1 0 structures 9 . The dataset was spatially normalized into the MNI ICBM 2009b NLIN ASYM 2 2 0 template 26 ( Supplementary Fig. 2a ). This template constitutes the newest 2 2 1 version of the "MNI space" and is considered a high-resolution version of MNI 2 2 2 space because it is available at 0.5 mm isotropic resolution. To combine 2 2 3 structural information present on T 1 and T 2 versions of the template, we 2 2 4 created a joint template using PCA, as previously described 27 . The four 2 2 5 synthesized FLASH volumes (FA15, FA20, FA25, and FA30) were 2 2 6 downsampled to isotropic voxel-sizes of 0.5 mm for spatial normalization and initially registered into template space in a multispectral approach using 2 2 8
Advanced Normalization Tools (ANTs; http://stnava.github.io/ANTs/; 28 ). This To refine the warp, we introduced fiducial regions of interest (ROI) 2 3 5 iteratively using a tool developed for this task (available within Lead-DBS). Specifically, we manually drew line and point fiducial markers in both native 2 3 7 and template spaces ( Supplementary Fig. 2b ). In addition, we manually as "spectra" in subsequent registration refinements ( Supplementary Fig. 2c ). fiducials). To achieve maximal registration precision, the warp was refined in 2 4 6 over 30 iterations with extensive manual expert interaction, each refinement 2 4 7 continuing directly from the last saved state. We used linear interpolation to 2 4 8 create the normalized files in the data release (Data Citations 1 and 3). Neuroimaging data were processed using standard processing pipelines 2 5 2 (http://surfer.nmr.mgh.harvard.edu/, https://github.com/freesurfer/freesurfer). can be readily reproduced with the provided data and software. repository (Data Citation 1) and is hosted on www.lead-dbs.org (preinstalled 2 7 0 as part of the LEAD-DBS software package; Data Citation 3). The receive coil has a Q UL /Q L ratio that ranged from 6 in the top half elements expected for a whole brain specimen at 7T.
8 3
We compared the SNR of the 31-channel ex vivo array to that of a method) 31 with an ROI of 3-cm diameter at the center of the brain. We We assessed the neuroanatomic accuracy of the final registration results (i.e. the fit between structures on the normalized FLASH volumes versus the high-2 9 8 resolution MNI template) by visual inspection using a tool specifically designed 2 9 9
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